Background/Aim: Transforming growth factor-ß1 (TGF-ß1) is involved in the pathogenesis of chronic allograft nephropathy after kidney transplantation. The aim of the study was to evaluate the effect of the angiotensin receptor blocker losartan on TGF-ß1 plasma levels and proteinuria in hypertensive transplant recipients. Methods: A total of 162 transplant recipients were included in the study. The patients were randomized into 3 groups: group 1 received losartan; group II received an angiotensin-converting enzyme inhibitor (captopril), and group III received a calcium channel blocker (amlodipine). All the parameters were recorded at the time of therapy initiation and at 1, 4 and 12 weeks and 12 months thereafter. Graft biopsy before the start and at the end of the study was done to evaluate histopathological progression. Results: Blood pressure was controlled in the 3 groups; however, the need for other antihypertensive agents was significant in groups I and II. Treatment with losartan significantly decreased the plasma level of TGF-ß1, 24-hour urinary protein and serum uric acid (p ! 0.05). No significant changes were seen in the hemoglobin or serum potassium levels. The rate of histopathological progression was significantly lower in the losartan group. No patient was discharged from the study due to side effects. Conclusions: After transplantation all drugs were able to control blood pressure with good safety and tolerability. The study demonstrates that ARB significantly decreases the plasma levels of TGF-ß1, proteinuria and uric acid. These results could play an important and decisive role in the treatment and prevention of chronic allograft nephropathy.
Introduction
Hypertension is a common problem in renal transplant recipients, its prevalence ranges from 60 to 85% in successfully transplanted recipients who were treated with calcineurin inhibitors [1] . Hypertension has been shown to correlate with increased mortality and morbidity [2] , as well as with graft loss [3] . Optimum management of posttransplant hypertension remains to be defined. Calcium channel blockers (CCBs) have proven to be effective in ameliorating cyclosporine-associated nephrotoxicity, controlling hypertension and preventing post-transplant acute tubular necrosis [4] . It has been proposed that the effect of angiotensin-converting enzyme (ACE) inhibitors (ACEIs) and angiotensin II (AngII) receptor blockers (ARBs) on renal hemodynamics may prevent the progression of renal glomerulosclerosis and chronic deterioration of renal function [5, 6] .
Cyclosporine A (CsA) therapy is a major factor in the development of hypertension after renal transplantation. It also causes overexpression of AngII [7] , which increases the synthesis of transforming growth factor-ß (TGF-ß1) [8] , presumably involved in the development and progression of chronic allograft nephropathy (CAN) through induction of interstitial fibrosis, glomerulosclerosis and arterial proliferation [9, 10] . Suthanthiran et al. [11] suggested the relationship between serum levels of TGF-ß1 and the predisposition to renal disease among the block population. The production of TGF-ß1 may be modulated by the intrarenal renin-angiotensin system, as AngII induces TGF-ß1 production and secretion by mesangial cells, and by a direct effect of CsA on the synthesis and expression of TGF-ß1 [12] . ACEIs and ARBs were demonstrated to antagonize TGF-ß1 expression [13] . Moreover, in an experimental model Amuchastegui et al. [14] demonstrated that ARBs are clearly better than CCBs in protecting against CAN. In contrast to other antihypertensive drugs, ACEIs and ARBs lower both systemic and intraglomerular pressure, which is translated into a decrease in glomerular hypertension, a reduction in proteinuria and an increase in renal functional reserve [15] .
The aim of the present study was to study the effects of ARBs on blood pressure control, proteinuria, TGF-ß1 plasma level, and progression of graft function in a prospective randomized study of hypertensive renal transplant recipients.
Patients and Methods
One hundred and sixty-two first live-donor renal transplant patients with arterial hypertension were the subject of this study. All patients were at least 18 years of age and had no suspected or documented renal artery stenosis. All patients received CsA as one of the immunosuppressive drugs. The inclusion criteria were: (1) serum creatinine ^2.5 mg/dl, and (2) mild to moderate arterial hypertension (systolic blood pressure 1 140 ! 170; diastolic blood pressure 1 85 ! 100 mm Hg) in two or more readings performed at least 3 days apart. None of the patients had previously been on ARBs or were concurrently being treated with more than two antihypertensive drugs. Chronic allograft rejection was diagnosed at the start of the study in 47 patients (21, 16 and 10 patients in groups I, II, and III, respectively).
Study Design
The study was a controlled randomized study. Prior to the basal point, a washout of 2 weeks was required for all patients, and all antihypertensive medication was withdrawn. All the patients were randomized into 3 treatment groups: group I received ARBs (losartan) at a dose of 50 mg/day; group II received an ACEI (captopril) at a dose of 25 mg/day, and group III received a CCB (amlodipine) at a dose of 5 mg/day. Groups II and III served as controls. Immunosuppressive therapy was not modified during the study period. Blood pressure was adjusted during the study to values of ! 130/80 mm Hg, introducing doxazosin, prazosin, atenolol or frusimide when necessary. All the patients provided written informed consent.
Study Variables
All patients were followed up regularly in the outpatient clinic. Parameters were measured initially at the basal time before introduction of the drugs and then at 1, 4, and 12 weeks until the end point after 12 months. At every point in the study, the following determinations were made.
Arterial blood pressure was measured by mercury manometer after 5 min of sitting. The first and fifth Korotkoff sounds were used as indications for systolic and diastolic blood pressure.
The biochemical and hematological parameters including hemoglobin and hematocrit, serum creatinine, sodium, potassium and uric acid concentrations, were measured by conventional laboratory techniques. Proteinuria was measured in 24-hour urine samples.
Whole blood trough CsA levels were measured by a fluorescence polarization assay (Abbott Diagnostic Laboratories, Abbott Park, Ill., USA), and CsA dose was adjusted to keep the CsA level between 75 and 125 ng/ml.
TGF-ß1 plasma levels were measured by the E max Immunoassay System (Promega Corp., Madison, Wisc., USA). The test sensitivity was 94% and specificity was ! 5% cross-reactivity with TGF-ß2 and TGF-ß3 at 10 ng/ml with intra-assay and inter-assay coefficients of variations at low, medium and high concentrations of 4.5, 1.6, 3.3 and 19.1, 11.6, 76%, respectively [16] . Peripheral venous blood samples were obtained from patients with EDTA as an anticoagulant and were centrifuged at 1,000 g for 30 min. The plasma was isolated and stored at -70°C until the assay was performed. To activate latent TGF-ß1 into immunoreactive TGF-ß1 detectable by the immunoassay test, we performed an acidification (0.1 ml 2.5 N acetic acid/10 M urea was added to a 0.1-ml sample) and neutralization (adding 0.1 ml 2.7 N NaOH/1 M HEPES) procedure (pH 7.2-7.6). Three sample dilutions (1:12, 1:24, and 1:48) with calibrator diluent RD6M were performed. TGF-ß1 was determined using a solid-phase TGF-ß1-specific sandwich enzyme-linked immunosorbant assay. A TGF-ß1 standard curve was constructed using 2,000, 1,000, 500, 250, 62.5, and 31.25 pg/ml of recombinant human TGF-ß1 protein. The minimum detectable level of TGF-ß1 with the test was 7 pg/ml.
Histopathological assessment was done by graft biopsy before the start of the study and at the end point. Three cores were taken in each biopsy. The cores were examined by hematoxylin and eosin and Masson trichrome stains. The extent of transplant glomerulopathy, interstitial fibrosis, tubular atrophy, arteriosclerosis, and arteriolar hyalinosis was scored as recommended by the panel members at 3rd Banff classification. A total CAN score was calculated in each case by summing up the glomerulopathy, interstitial fibrosis, tubular atrophy, arteriosclerosis, and arteriolar hyalinosis scores. Interstitial fibrosis was scored as 1 (no), 2 (mild), and 3 (moderate to severe).
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Statistical Analysis
Statistical analysis was done using SPSS package version 10. Treatment groups were compared using one-way ANOVA for continuous variables and Chi-square analysis for categorical variables. A period sample t test was used to study the effect of treatment before and at the end of the study in each group. Values of p ! 0.05 were considered statistically significant.
Results
Patient characteristics are summarized in table 1. Baseline demographics were similar between the groups (table 2). Patients were studied at a mean of 39.1 B 30.5 (range 1-12) months after transplantation. Six patients in group III did not complete the study because they stopped all antihypertensive drugs. The control of blood pressure was good in all treatment groups. Statistically significant differences from baseline were observed in all treatment groups: from baseline the mean blood pressure was 108.1 B 5 to 95 B 4 with ARB (p ! 0.0005); from 106 B 6 to 94 B 7 mm Hg with ACEI (p ! 0.0001), and from 107.9 B 8 to 96 B 10 mm Hg with CCB (p ! 0.0005). No significant differences with regard to the control of blood pressure was observed between the treatment groups (p = 0.12). The mean number of antihypertensives at the end of the study drugs was statistically significantly higher (p = 0.03) in groups I and II as shown in table 3.
During the study period, no significant changes in the biochemical parameters (serum sodium and serum potassium) were observed between the treatment groups. Serum creatinine tended to increase slightly during the study period in group I (mean B SD, 1.5 B 0.4 to 1.5 B 0.5 mg/dl), but this change was statistically insignificant (p = 0.07). Serum uric acid decreased significantly in group I (p = 0.00) as shown in table 4.
There was a significant change in the histopathological scoring of interstitial fibrosis in graft biopsy between the treatment groups (p = 0.03), as illustrated in table 4. There was a significant increase from baseline score 3 in groups I, II and III (6, 2 and 0% to 12, 19 and 22%, respectively).
There was a significant decrease in proteinuria between baseline and at the end of the study in groups I and II (p ! 0.05), while this effect was not significant in group III (p 1 0.05). There was a statistically significant difference with regard to the control of proteinuria between the treatment groups at the end of the follow-up observation period (p = 0.04).
There was no significant difference (p = 0.5) regarding the number of acute rejection episodes/patients during the follow-up period (1.2, 1.2 and 1.3) in groups I, II and III, respectively.
No significant changes in the hemoglobin concentration were observed between the treatment groups (p = 0.4) as shown in table 4; however, there was a significant drop in hemoglobin in group II between the baseline and the end of the study (p = 0.01) as shown in table 3.
El-Agroudy/Hassan/Foda/Ismail/El-Sawy/ Mousa/Ghoneim TGF-ß1 serum levels decreased progressively in group I, and the mean plasma level decreased from baseline 41.5 B 38.2 to 16.8 B 16.7 ng/ml. At the end of the study, the reduction in TGF-ß1 from baseline in group I was nearly 60% which was statistically significantly different from the other groups (p = 0.001). In group II, TGF-ß1 plasma levels tended to decrease in the first 12 weeks, but this was not statistically significant (p = 0.86). While it was not statistically significantly increased in group III (p = 0.11) as shown in table 3.
CsA doses and the whole blood trough level did not change significantly during the study period in all treatment groups as shown in table 3.
None of the patients dropped out of the study because of adverse drug effects.
Discussion
Hypertension, together with proteinuria, is probably one of the major factors contributing to progression of CAN, and it is also a significant determination of morbidity and mortality among kidney transplant patients. The intrarenal renin-angiotensin system has been strongly implicated in the progression of renal injury. The interaction between AngII and TGF-ß1 is worth special emphasis. In various models, AngII inhibition has ameliorated the pathologic changes associated with the upregulation of TGF-ß1 [16] . Although increased TGF-ß1 expression can induce collagen synthesis by itself and may mediate tissue scarring directly, whether or not AngII acts as an immune costimulator in the regulation of the immune response remains a matter of debate. In different animal models, the ARBs and ACEIs have been proven to limit proteinuria and to decrease glomerulosclerosis and improve graft survival [17, 18] .
Josep et al. [19] have suggested that a decrease in TGF-ß1 and ET-1 levels may play an important role in protecting against progression toward CAN. In the present study, we demonstrated that despite similar control of blood pressure with therapeutic drugs, the effects on profibrogenic cytokines were different. Contrasting effects were observed with respect to the plasma level of the profibrogenic cytokine TGF-ß1: AngII blockers, caused a significant decrease, whereas ACEI and CCB caused no significant change. The nonsignificant decrease in TGF-ß1 plasma levels could be related to the small doses used in our study. In one study Campistol et al. [20] demonstrated that treatment with losartan significantly decreased the plasma levels of TGF-ß1 in renal transplant patients with CAN. The observed decrease in TGF-ß1 was approximately 50% from the initial levels. The same effect on TGF-ß1 plasma levels was also demonstrated with ACEI (captopril) in diabetic patients with proteinuria [21] . In the present study, we documented that the ARB losartan has a similar effect on TGF-ß1 plasma levels in renal transplant patients with normal function. The decrease in the TGF-ß1 plasma levels was approximately 60% from the initial level. These results confirmed the data reported by Campistol et al. [20] who reported that ARB decreased the synthesis and secretion of renal TGF-ß1 and prevented the development of interstitial fibrosis and subsequently CAN. The initial decrease in plasma TGF-ß1 levels in the captopril group was not sustained to the end of the study and may be related to the small dose used in the study.
In the present study, the control of blood pressure was good in all treatment groups without any significant differences. Hypertension was severe enough to require one or more other antihypertensive drugs in nearly 30% of patients. To reach the target blood pressure the need for other antihypertensive drugs was significantly less in the CCB group. This finding was similar to the data reported by Van der Schaaf et al. [22] . No adverse events related to the use of our treatment drugs on immunosuppressive treatment were observed. The combination with CsA did not significantly modify the levels or the doses of CsA.
The negative impact of proteinuria in the evolution of diseases of native and transplanted kidneys is well known [23, 24] . In this study, most of the patients in our cohort did not have significant proteinuria. However, a significant reduction or at least stabilization of urinary protein excretion was detected at the end of follow-up in the ARBs and ACEI groups. This effect was already observed after 3 months of therapy in both groups. Moreover, a new onset of proteinuria was not documented during the period on losartan in any of the non-proteinuric cases. Our results are in agreement with the report of Kim et al. [25] who described a significant reduction in the proteinuria of hypertensive renal transplant patients treated with the ACEI, enalapril, and the ANGII blocker, losartan, and the study by Martinez-Castelao et al. [26] who found more anti-proteinuric effects in patients on ACEI than those on CCBs. Furthermore, no correlation was found between the reduction in proteinuria and control of blood pressure, suggesting that the anti-proteinuric effect of losartan or captopril was independent of blood pressure changes.
Overall graft function was not influenced during the observation period in all treatment groups. No acute renal function derangement was observed after initiation of losartan or captopril; however, there was a nonsignificant increase in plasma serum creatinine over the baseline values despite the drop in urinary protein excretion in the AngII blocker and ACEI groups. Furthermore potassium levels did not change significantly, and serious hyperkalemia necessitating drug withdrawal was not documented in our series. These results confirmed what has been observed in other studies [6, 15, 27] .
In fact, the most commonly observed side effect was a decrease in hemoglobin concentration in the ACEI group. Several studies have previously documented ACEI-related anemia in patients with normal renal function, renal disease and in renal transplant recipients without polycythemia [28] . In other groups the decrease in hemoglobin levels was slight with no clinical significance.
In conclusion, the present study demonstrated that ARB (losartan), ACEI (captopril) and CCB (amlodipine) were effective in controlling hypertension in renal transplant patients with good safety and tolerability. The beneficial anti-proteinuric effect of ARBs and ACEI may afford renal protection in these patients. Analysis of the effects on the plasma levels of TGF-ß1 may suggest that ARBs could be potentially valuable in interfering with or preventing CAN. The nonsignificant decrease in plasma TGF-ß1 levels in the captopril group may be related to the small dose used in the study.
